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(57) ABSTRACT

A semiconductor device capable of generating a signal (e.g.,
a potential signal or a current signal) suitable for usage envi-
ronment or a purpose. The semiconductor device includes a
first memory circuit, a first circuit, and a second memory
circuit. The first circuit converts a digital signal input from the
first memory circuit into an analog signal. The first memory
circuit includes an input node, an output node, a transistor,
and a capacitor. The capacitor is electrically connected to the
output node. The transistor can control a conduction state
between the input node and the output node. An analog signal
is input to the input node from the first circuit. The transistor
includes an oxide semiconductor layer where a channel for-
mation region is formed.
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1
SEMICONDUCTOR DEVICE AND
ELECTRONIC DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

One embodiment of the present invention relates to a semi-
conductor device, a driving method thereof, a manufacturing
method thereof, and the like.

Note that one embodiment of the present invention is not
limited to the above technical field. The technical field of one
embodiment of the invention disclosed in the specification,
the drawings, and the claims (hereinafter referred to as “this
specification and the like”) relates to an object, a method, or
a manufacturing method. Furthermore, one embodiment of
the present invention relates to a process, a machine, manu-
facture, or a composition of matter. Specifically, examples of
the technical field of one embodiment of the present invention
disclosed in this specification and the like include a semicon-
ductor device, a display device, a liquid crystal display
device, a light-emitting device, a lighting device, a power
storage device, a storage device, a method of driving any of
them, and a method of manufacturing any of them.

2. Description of the Related Art

A transistor in which a channel is formed using an oxide
semiconductor (OS) such as an In—Ga—Z7n oxide (In—
Ga—Zn—0) (such a transistor is referred to as an OS tran-
sistor below) is known. The OS transistor has an extremely
low off-state current than a Si transistor because the oxide
semiconductor has a wider band gap than silicon. As a semi-
conductor device including an OS transistor, for example, a
semiconductor memory device (Patent Document 1), a pro-
grammable logic device (Patent Document 2), and a wireless
tag (Patent Document 3) are suggested.

For a circuit that processes analog signals such as an opera-
tional amplifier circuit, a potential generating circuit that
generates an optimum potential for the circuit operation is
needed. For example, a bandgap-reference potential generat-
ing circuit is known as the potential generating circuit.

REFERENCE
Patent Document

[Patent Document 1] Japanese Published Patent Application
No. 2011-119675
[Patent Document 2] Japanese Published Patent Application
No. 2012-186797
[Patent Document 3] Japanese Published Patent Application
No. 2013-016155

SUMMARY OF THE INVENTION

A general operational amplifier circuit needs a circuit cor-
responding to a current source, and the value of current output
from the current source is controlled by a bias potential. When
the value of current output from the current source is small,
power consumption can be low; however, the operation speed
of the operational amplifier is decreased. Therefore, it is
preferable that the value of the bias potential be optimized to
purposes in the operational amplifier. However, the optimum
value of the bias potential changes in each operational ampli-
fier depending on variations in manufacturing steps, usage
environment, and the like.

To solve this problem, for example, suggested is a method
of generating a bias potential (analog potential) in such a
manner that correction data for controlling the bias potential
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is stored in a flash memory, and the correction data is con-
verted from digital to analog. However, various situations
must be considered because the number of rewriting times to
the flash memory is restricted, and a large amount of correc-
tion data is needed, that is, a large-capacity flash memory is
needed. In this method, correction data is always read out
from the flash memory while the operational amplifier is
operated, which increases power consumption.

An object of one embodiment of the present invention is to
provide a novel semiconductor device or a novel method of
driving or manufacturing the semiconductor device. For
example, an object of one embodiment of the present inven-
tion is to provide a novel semiconductor device including an
OS transistor, a novel method of driving or manufacturing the
semiconductor device including an OS transistor. Another
object of one embodiment of the present invention is to pro-
vide a semiconductor device with reduced power consump-
tion, a semiconductor device capable of generating a signal
(e.g., a potential signal or a current signal) suitable for usage
environment or a purpose, a semiconductor device that can
change or compensate the performance while being operated,
or the like.

Note that other objects will be apparent from the descrip-
tion of the specification and the like, and other objects of
embodiments of the present invention can be derived from the
description of the specification and the like. One embodiment
of the present invention does not necessarily achieve all the
objects.

One embodiment of the present invention is a semiconduc-
tor device including a first memory circuit, a first circuit, and
a second memory circuit. The first circuit converts a digital
signal input from the first memory circuit into an analog
signal. The first memory circuit includes an input node, an
output node, a first transistor, and a first capacitor. The first
capacitor is electrically connected to the output node. The
first transistor controls a conduction state between the input
node and the output node. The analog signal is input to the
input node. A channel in the first transistor is formed using an
oxide semiconductor.

In the above embodiment, a memory cell in the second
memory circuit can include a transistor whose channel is
formed using an oxide semiconductor.

In this specification and the like, a semiconductor device
refers to a device that utilizes semiconductor characteristics,
and means a circuit including a semiconductor element (e.g.,
atransistor or a diode), a device including the circuit, and the
like. The semiconductor device also means any device that
can function by utilizing semiconductor characteristics. For
example, an integrated circuit and a chip including an inte-
grated circuit are all semiconductor devices. Moreover, a
memory device, a display device, a light-emitting device, a
lighting device, an electronic device, and the like include a
semiconductor device in some cases.

In this specification and the like, ordinal numbers such as
first, second, and third are used to avoid confusion among
components, and the terms do not limit the components
numerically.

Note that “voltage” indicates a difference between poten-
tials of two points, and “potential” indicates electrostatic
energy (electrical potential energy) of a unit charge at a given
point in an electrostatic field. In general, a difference between
a potential of one point and a reference potential is merely
called a potential or a voltage, and a potential and a voltage are
used as synonymous words in many cases. Therefore, in this
specification and the like, a potential may be rephrased as a
voltage and a voltage may be rephrased as a potential unless
otherwise specified.
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A transistor includes three nodes (terminals) called a gate,
a source, and a drain. A gate is a node that controls the
conduction state of a transistor. Depending on the channel
type of the transistor or levels of potentials applied to the
terminals, one of nodes (an input node and an output node)
functions as a source and the other functions as a drain. In
general, in an n-channel transistor, a node to which a low
potential is applied is referred to as a source, and a node to
which a high potential is applied is referred to as a drain. In
contrast, in a p-channel transistor, a node to which a low
potential is applied is referred to as a drain, and a node to
which a high potential is applied is referred to as a source.

In this specification and the like, to clarify a circuit con-
figuration and circuit operation, one of two nodes (an input
node and an output node) of a transistor is fixed as a source
and the other is fixed as a drain in some cases. It is needless to
say that, depending on a driving method, the magnitude rela-
tionship between potentials applied to three terminals of the
transistor might be changed, and the source and the drain
might be interchanged. Thus, in one embodiment of the
present invention, the distinction between the source and
drain of the transistor is not limited to that described in this
specification and the like.

Note that an explicit description “X and Y are connected”
indicates the case where X and Y are electrically connected,
the case where X and Y are functionally connected, and the
case where X and Y are directly connected. Here, each of X
and Y denotes an object (e.g., a device, an element, a circuit,
a wiring, an electrode, a terminal, a conductive film, or a
layer). Accordingly, a connection relationship other than
those shown in drawings and texts is also included without
limitation to a predetermined connection relationship, for
example, the connection relationship shown in the drawings
and the texts.

Note that the term “electrical connection” includes a circuit
configuration in which current, voltage, or a potential can be
supplied or transmitted. Accordingly, the expression “two
components are connected” means not only a circuit configu-
ration in which the two components are directly connected
but also a circuit configuration in which the two components
are electrically connected through an element such as a wir-
ing, a resistor, a diode, or a transistor so that current, voltage,
or a potential can be supplied or transmitted.

Even when independent components are connected in a
circuit diagram, there is the case where one conductive film
has functions of a plurality of components, such as the case
where part of a wiring functions as an electrode. The term
“connection” in this specification and the like also means
such a case where one conductive film has functions of a
plurality of components.

Here, a voltage, a transistor, and the like are described, and
description about others in this specification and the like is
added in Embodiment 5.

A novel semiconductor device or a novel method of driving
or manufacturing the semiconductor device can be provided.
For example, a novel semiconductor device including an OS
transistor, a novel method of driving or manufacturing the
semiconductor device including an OS transistor can be pro-
vided. A semiconductor device with reduced power con-
sumption, a semiconductor device capable of generating a
signal (e.g., a potential signal or a current signal) suitable for
usage environment or a purpose, a semiconductor device that
can change or compensate the performance while being oper-
ated, or the like can be provided.

Note that the description of these effects does not disturb
the existence of other effects. In one embodiment of the
present invention, there is no need to achieve all the effects
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described above. In one embodiment of the present invention,
an object other than the above objects, an effect other than the
above effects, and a novel feature will be apparent from the
description of the specification and the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating a circuit configura-
tion.

FIG. 2 is a block diagram illustrating an example of a
memory device configuration.

FIGS. 3A and 3B are each a circuit diagram illustrating an
example of a memory cell configuration.

FIG. 4 is a circuit diagram illustrating an example of an
analog-to-digital converter circuit.

FIG. 5A is a block diagram illustrating an example of a
sensor unit, and FIG. 5B is a circuit diagram illustrating an
example of an operational amplifier.

FIG. 6 is a block diagram illustrating an example of a
wireless tag.

FIGS. 7A to 7F illustrate usage examples of a wireless tag.

FIG. 8 is a cross-sectional view illustrating an example of
a structure of a semiconductor device.

FIG. 9 is a cross-sectional view illustrating an example of
a structure of a semiconductor device.

FIG. 10A is a flow chart showing a method of manufactur-
ing an electronic component, and FIG. 10B is a perspective
schematic diagram illustrating an example of a structure of
the electronic component.

FIG. 11 illustrates examples of electronic devices.

FIGS. 12A to 12F illustrate examples of electronic devices.

DETAILED DESCRIPTION OF THE INVENTION

Embodiments of the present invention will be described
below. Note that the present invention is not limited to the
following description. It will be readily appreciated by those
skilled in the art that modes and details of the present inven-
tion can be modified in various ways without departing from
the spirit and scope of the present invention. The present
invention therefore should not be construed as being limited
to the following description of the embodiments.

In the drawings, the same components, components having
similar functions, components formed of the same material,
or components formed at the same time are denoted by the
same reference numerals in some cases, and description
thereof is not repeated in some cases. When the same refer-
ence numerals need to be distinguished from each other, “17,
“27”, “[n]”, “[m, n]”, or the like may be added to the reference
numerals. For example, when a plurality of wirings WWL in
a memory cell array is identified, address number (line num-
ber) of the memory cell array is used. Specifically, the wiring
WWL in the second row is referred to as wiring WWL|[2].

In this specification and the like, for example, clock signal
CLK is abbreviated to “a signal CLK”, “CLK?”, or the like in
some cases. The same applies to other components (e.g.,
signal, voltage, potential, circuit, element, electrode, and wir-
ing).

A plurality of embodiments of the present invention is
described below, and any of the embodiments can be com-
bined as appropriate. In addition, in the case where some
structural examples are given in one embodiment, any of the
structure examples can be combined as appropriate.

Embodiment 1

In this embodiment, a semiconductor device that can be
programmed by a user after shipment is described as an
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example of a semiconductor device. In addition, a semicon-
ductor device whose performance can be changed or com-
pensated when being operated, i.e., a dynamically reconfig-
urable semiconductor device, is described.

<<Circuit 10: Potential Generating Circuit>>

FIG. 1 illustrates an example of a semiconductor device. A
circuit 10 illustrated in FIG. 1 has a function of generating a
potential, and thus can be a potential generating circuit. The
circuit 10 includes a memory device 101, a digital-to-analog
converter circuit (DAC) 102, and a circuit 103.
<Circuit 103>

The circuit 103 includes a transistor M1, a capacitor C1,
and a node N1. The node N1 is electrically connected to an
output node OUT10 of the circuit 10. One of a source and a
drain of the transistor M1 is electrically connected to an
output node of the memory device 101, and the other is
electrically connected to the node N1. A potential Vb of the
node N1 is supplied to another circuit as a power supply
potential, a reference potential, a bias potential, or the like.

A signal Sos1 is input to a gate of the transistor M1. One of
a pair of electrodes (terminals) of the capacitor C1 is electri-
cally connected to the node N1, and the other is electrically
connected to a wiring (not shown) supplied with a potential or
a signal. For example, a potential of the wiring can be the
ground potential or 0 V.

The capacitor C1 is charged and discharged by a current
between the source and the drain (referred to as a drain cur-
rent) of the transistor M1. The capacitor C1 functions as a
storage capacitor holding the potential Vb of the node N1.
That is, the circuit 103 can function as a sample-and-hold
circuit. Alternatively, the circuit 103 can function as an analog
memory circuit that stores the potential Vb of the node N1 as
an analog value. To hold data in the circuit 103 for a long
period, it is preferable that drain current in an off state (off-
state current) of the transistor M1 be extremely low. Fluctua-
tions of the potential Vb of the node N1 can be suppressed as
the off-state current of the transistor M1 is lower.

To achieve a transistor with an extremely low off-state
current, a semiconductor layer in the transistor may include a
channel formation region having a band gap of greater than or
equal to 2.5 eV and a carrier concentration of less than or
equal to 1x10™* cm™. A semiconductor layer having such
characteristics is, for example, an oxide semiconductor layer.
Itis very effective to use an OS transistor as the transistor M1
because the number of rewriting operations of the potential of
the node N1 can be reduced. Inthe OS transistor, a normalized
off-state current per micrometer of a channel width at a
source-drain voltage of 10 V at the room temperature (ap-
proximately 25° C.) can be less than or equal to 10x1072* A
(10 zA (zeptoampere)).

The off-state current of the OS transistor in high tempera-
ture environment (100° C. or higher) is maintained to
approximately the same as the off-state current at the room
temperature. For this reason, with the use of an OS transistor
as the transistor M1, the amount of change in the potential Vb
of the node N1 in the high temperature environment can be
approximately the same as the amount of change at the room
temperature.

In an OS transistor used in a semiconductor device of one
embodiment of the present invention (for example, the circuit
10), an oxide semiconductor layer including a channel for-
mation region may be formed of a single oxide semiconductor
film or two or more oxide semiconductor films. The oxide
semiconductor film included in the oxide semiconductor
layer is preferably formed with an oxide semiconductor con-
taining at least one element selected from In, Ga, Sn, and Zn.
As such an oxide, an In—Sn—Ga—Z7n oxide, an In—Ga—
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Zn oxide, an In—Sn—Z7n oxide, an In—Al—Zn oxide, a
Sn—Ga—Z7n oxide, an Al—Ga—Z7n oxide, a Sn—Al—Zn
oxide, an In—Z7n oxide, a Sn—Z7n oxide, an Al—Zn oxide, a
Zn—Mg oxide, a Sn—Mg oxide, an In—Mg oxide, an
In—Ga oxide, an In oxide, a Sn oxide, a Zn oxide, or the like
can be used. Furthermore, any of the above oxides may con-
tain an element other than In, Ga, Sn, and Zn, for example,
SiO,.

(Operation Example)

The memory device 101 stores configuration data (CF-
GD_VD) that determines a value of Vb. The configuration
data CFGD_Vb is digital data of n bits (n is a natural number).
When the potential Vb of the node N1 is determined, the
memory device 101 is required to read CFGD_Vb. The
memory device 101 outputs CFGD_Vb to the DAC 102 as a
n-bit digital signal Sdg[n-1:0]. The DAC 102 converts Sdg[n-
1:0] into an analog signal Sang and outputs the converted
signal. The signal Sang is an analog potential signal that
corresponds to the value of Sdg[n-1:0].

The potential of the gate of the transistor M1 is controlled
by the signal Sosl to turn on the transistor M1. Thus, an
output node of the DAC 102 is electrically connected to the
node N1. The potential Vb of the node N1 is in accordance
with the potential of Sang. After that, when the transistor M1
is turned off, the node N1 is electrically floating and the
circuit 103 maintains the potential Vb.
<Memory Device 101>

FIG. 2 is a block diagram illustrating a configuration
example of the memory device 101. As illustrated in FIG. 2,
the memory device 101 includes a memory cell array 121, a
row driver 122, and a column driver 123. A circuit 125 is
electrically connected to the memory device 101.

The circuit 125 can function as a power gating circuit ofthe
memory device 101. The circuit 125 includes a transistor M25
and a node N25. The node N25 is a power supply node to
which a power supply potential of the memory device 101 is
input. For example, a high power supply potential VDD_mem
of'the memory device 101 is input to the node N25. A signal
Spg is input to a gate of the transistor M25. One of a source
and a drain of the transistor M25 is electrically connected to
the node N25, and the other is electrically connected to the
power supply node in the memory device 101 to which the
VDD_mem is input. The power supply of the memory device
101 can be stopped by turning off the transistor M25 by
controlling the potential of the signal Spg. The transistor M25
may be either an n-channel transistor or a p-channel transis-
tor.

The memory cell array 121 includes a plurality of memory
cells 131 and a plurality of wirings (WWL, RWL, BL, and
SL). The row driver 122 drives the wirings WWL and RWL.
The column driver 123 drives the wirings BL. and SL. The
column driver 123 includes a reading circuit. The wiring BL.
is also driven by the memory cell 131 selected by reading
operation.

The memory device 101 can be a semiconductor memory
device with small storage capacity as long as it stores at least
the configuration data CFGD_Vb. When the memory device
101 has small storage capacity, a control circuit of the semi-
conductor device including the circuit 10 may serve as the
row driver 122 and the column driver 123. Alternatively, a
semiconductor memory device in the semiconductor device
including the circuit 10 may store the configuration data
CFGD_Vb, without providing the memory device 101 in the
circuit 10. In that case, the semiconductor memory device that
stores CFGD_VD preferably has a structure similar to that of
the memory device 101.
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<Memory Cell>

For example, a gain cell including two or three transistors
can be used as the memory cell 131 in the memory cell array
121. FIGS. 3A and 3B each illustrate a configuration example
of a memory cell that can be used as the memory cell 131.
FIG. 3 A illustrates an example of a 2T-type gain cell, and FIG.
3B illustrates an example of a 3T-type gain cell.

As illustrated in FIG. 3A, a memory cell 31 includes a
transistor MW1, a transistor MR1, a capacitor CS1, and a
node FN31.

The node FN31 functions as a data holding node. A gate of
the transistor MW1 is electrically connected to the wiring
WWL, one of a source and a drain of the transistor MW1 is
electrically connected to the wiring BL, and the other is
electrically connected to the node FN31. The transistor MW1
functions as a writing transistor and as a switch that controls
conduction between the data holding node (FN31) and the
wiring (BL) to which data to be written is input. A gate of the
transistor MR1 is electrically connected to the node FN31,
one of a source and a drain of the transistor MR1 is electri-
cally connected to the wiring BL, and the other is electrically
connected to the wiring SL. The transistor MR1 functions as
a reading transistor. The transistor MR1 amplifies electric
charge accumulated in the node FN31 and outputs it as drain
current. One of a pair of electrodes (terminals) of the capaci-
tor CS1 is electrically connected to the wiring RWL, and the
other is electrically connected to the node FN31. The capaci-
tor CS1 functions as a storage capacitor that holds a potential
of'the node FN31. The node FN31 is capacitively coupled to
the wiring RWL by the capacitor CS1.

During data writing, the transistor MW 1 is turned on by the
potential of the wiring WWL, and the potential of the wiring
BL is written to the node FN31. The potential of the wiring
RWL and/or the wiring SL are/is adjusted not to turn on the
transistor MR1. During data holding, the transistor MW1 is
turned off and the node FN31 is electrically floating. The node
FN31 functions as a data holding node. During data reading,
the transistor MW1 is kept off by the potential of the wiring
WWL. The wiring BL is precharged to have a predetermined
potential, and then electrically floating. The potential of the
wiring RWL and/or the wiring SL are/is adjusted to increase
or decrease the potential of the node FN31. The potential of
the node FN31 is increased in the case where the transistor
MR1 is an n-channel transistor and decreased in the case
where the transistor MR1 is a p-channel transistor. The drain
current flowing through the transistor MR1 increases or
decreases the potential of the wiring BL.. When the transistor
MR1 is kept off, the potential of the wiring BL. is not changed.
Inthe reading circuit in the column driver 123, the potential of
the wiring BL is detected.

To suppress a decrease in the potential of the node FN31 as
possible in a data holding period, it is preferable that the
transistor MW1 have an extremely low off-state current as
well as the transistor M1 of the circuit 103. That is, the
transistor MW1 is preferably an OS transistor as well as the
transistor M1. With the use of an OS transistor as the transis-
tor MW1, when power supply potential VDD_mem is inter-
rupted by power gating by the circuit 125 or the like, the node
FN31 is electrically floating; however, change in the potential
of the node FN31 can be suppressed even in a period when
supply of the power supply potential VDD_mem is stopped.
Therefore, the memory device 101 can be operated as a non-
volatile semiconductor memory device. With theuse ofan OS
transistor as the transistor MR1, change in the potential of the
node FN31 in high temperature environment (100° C. or
higher) can be as low as change in the potential of the node
FN31 at the room temperature.
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A 3T-type gain cell has a circuit configuration in which a
reading transistor is added to a 2T-type gain cell. As illus-
trated in FI1G. 3B, the memory cell 32 is a memory circuit in
which a transistor MR2 is added to the memory cell 31. In the
3T-type gain cell, the capacitor CS1 is not necessarily pro-
vided in some cases because a gate capacitance of the tran-
sistor MR1 can function as a storage capacitor of the node
FN31. Providing the capacitor CS1 can prolong the data
holding period.

A gate of the transistor MR2 is electrically connected to the
wiring RWL, one of a source and a drain of the transistor MR2
is electrically connected to the wiring BL,, and the other is
electrically connected to the source or the drain of the tran-
sistor MR1. The transistor MR2 functions as a switch that
controls conduction between the transistor MR1 and the wir-
ing BL.. The operation of the memory cell 32 is similar to that
of the memory cell 31. During writing operation, a potential
of the wiring RWL makes the transistor MR2 off. During
reading operation, a potential of the wiring RWL makes the
transistor MR2 on and electrically connects the wiring BL,
and a source or a drain of the transistor MR1.

In the memory cells 31 and 32, the wiring BL is used as a
bit line for writing and reading, but a bit line for writing and
a bit line for reading may be separately provided. In such a
case, when the wiring BL is used as the bit line for writing, a
line used as the bit line for reading is provided to be electri-
cally connected to the transistor MR1 in the memory cell 31,
and to be electrically connected to the transistor MR2 in the
memory cell 32.
<DAC 102>

FIG. 4 is a circuit diagram of the DAC 102, which is an
example of a 3-bit input DAC.

The DAC 102 includes a circuit 140 and a circuit 141.
Nodes N40 to N42 are input nodes of a digital signal Sdg[2:
0]. Nodes N43 to N45 are output nodes of the circuit 140. The
circuit 140 is a combinational circuit having a logical opera-
tion function. In the example of FIG. 4, the circuit 140
includes three AND gate circuits 40 to 42. Input nodes of the
AND gate circuits 40 to 42 are electrically connected to the
wiring 145. The circuit 141 is a ladder resistance circuit and
functions as a DA converter portion. An output node N46 of
the circuit 141 is electrically connected to an input node of the
circuit 103.

To convert Sdg[2:0] into an analog signal, logical value 1 is
input to the wiring 145 so that the same logical values of the
nodes N40 to N42 are output from the nodes N43 to N45. A
digital value of 3 bits corresponding to logical values of the
nodes N43 to N45 is converted into an analog value in the
circuit 141. Specifically, an analog potential Vnd6 of the
output node N46 of the circuit 141 corresponds to an analog
value. The analog potential Vn46 of the node N46 is input to
the circuit 103 as an analog signal (a potential signal) Sang.

In the circuit 103, the analog potential Vn46 that is output
to the node N46 is stored in the node N1 via the transistor M1.
Specifically, the transistor M1 is kept on for a predetermined
period, a signal Sang is sampled, and then the transistor M1 is
turned off. The node N1 is electrically floating, and its poten-
tial Vb is a potential corresponding to the analog potential
Vnd6.

In the DAC 102, by setting the potential of the wiring 145
to a potential corresponding to logical value 0, potentials of
the nodes N43 to N45 can be reset to potentials corresponding
to the logical value O. In that case, the analog potential Vn46
becomes low power supply potential (for example, 0 V) of the
circuit 10. Therefore, output of the potential Vb from the
circuit 10 can be stopped by controlling the potential of the
wiring 145. Note that in the case where potentials of the nodes
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N40 to N42 correspond to the logical value 0 by stopping
power supply of the memory device 101, the circuit 140 and
the wiring 145 can be omitted.

The memory cell 31 illustrated in FIG. 3A and the memory
cell 32 illustrated in FIG. 3B are gain cells in which data is
stored in thenode FN31. The memory cell 31 and the memory
cell 32 do not deteriorate in principle; thus, the number of
rewriting operations to the memory device 101 is not limited
in principle. Therefore, there is no need to store a large num-
ber of CFGD_Vb sets in the memory device 101 before
shipment because CFGD_VDb stored in the memory device
101 can be rewritten as appropriate after the circuit 10 is
formed. Accordingly, the minimum capacitance of the
memory device 101 is the number of bits of digital data output
to the DAC 102. Since the number of rewriting operations to
the memory device 101 is not limited, CFGD_Vb data can be
rewritten any time after shipment. For example, CFGD_Vb
data can be refreshed while the circuit 10 is being operated.
That is, the circuit 10 can be a dynamically reconfigurable
analog circuit whose performance, characteristics, functions,
and the like can be dynamically changed. By providing the
circuit 10 in the semiconductor device, optimum potential Vb
can be generated constantly in response to usage environ-
ment, characteristic deterioration, and characteristic varia-
tions due to manufacturing processes.

The potential Vb output from the circuit 10 can be held at
the node N1 of the circuit 103 for a long period. After the
potential of the node N1 becomes a suitable value, power
supply to the memory device 101 and the DAC 102 can be
stopped; thus, power consumption of the circuit 10 can be
reduced.

The circuit 10 can respond to variations due to manufac-
turing processes and generate an optimum potential for usage
environment or a purpose. The use of the circuit 10 as a
potential generating circuit can improve the performance and
reliability of the semiconductor device, and can widen a tem-
perature range where the semiconductor device can be used.
An example of a structure of the semiconductor device
including the circuit 10 is described below.
<<Sensor Unit>>

FIG. 5A illustrates an example of a sensor unit. The sensor
unit 150 includes the circuit 10, a sensor circuit 151, an
operational amplifier (AMP) 152, and an analog-to-digital
converter circuit (ADC) 153. The sensor circuit 151 has a
function of converting detected data into an analog signal (a
current signal or a potential signal) and outputting the analog
signal. The AMP 152 amplifies a signal output from the
sensor circuit 151 and outputs the amplified signal. The ADC
153 converts the signal (an analog signal) output from the
AMP 152 into a digital signal. The ADC 153 is provided if
necessary.
<Sensor Circuit>

There is no particular limitation on the sensor circuit 151.
A circuit having a function of measuring or sensing force,
displacement, position, speed, acceleration, angular velocity,
rotational frequency, distance, light (e.g., visible light or
infrared light), liquid, magnetism, temperature, chemical
substance, sound, time, hardness, electric field, electric cur-
rent, voltage, electric power, radiation, flow rate, humidity,
gradient, oscillation, odor, or the like is used as the sensor
circuit 151. FIG. 5A illustrates an example where the sensor
circuit 151 functions as a temperature sensor circuit.

The sensor circuit 151 includes a resistor R1 and a resistor
R2 which are electrically connected in series. A node N50 at
which the resistor R1 and the resistor R2 are connected is an
output node of the sensor circuit 151. The resistor R1 and the
resistor R2 have different temperature characteristics, for

25

30

40

45

10

example, one is a conductor and the other is a semiconductor.
A reference potential is applied to both terminals of the series-
connected resistors R1 and R2. The resistance values of the
resistor R1 and the resistor R2 change depending on tempera-
ture, which changes the potential of the node N50. The node
N50 is electrically connected to a non-inverting input node
(+) of the AMP 152. The potential of the node N50 is ampli-
fied by the AMP 152.

<Operational Amplifier>

In the sensor unit 150, the circuit 10 has a function of
generating a bias potential (VBIAS) of the AMP 152, as
illustrated in FIG. 5A. The potential Vb of the output node
OUT10 of the circuit 10 corresponds to the VBIAS. FIG. 5B
is a circuit diagram illustrating an example of the AMP 152.

In the AMP 152, as illustrated in FIG. 5B, a differential
amplifier circuit 161 including transistors M61 to M65 is
provided in an input stage, and a common source amplifier
circuit 162 including transistors M66 and M67 and a capaci-
tor C66 is provided in an output stage. The capacitor C66
functions as a phase compensation capacitor that prevents
oscillation of the AMP 152.

A node N61 is a power supply node to which high power
supply potential is input, and a node N62 is a power supply
node to which low power supply potential is input. A gate of
the transistor M63 becomes a non-inverting input node (+),
and a gate of the transistor M64 becomes an inverting input
node (-). A connection portion (a node N64) between the
transistor M66 and the transistor M67 is electrically con-
nected to an output node OUT60 of the AMP 152. The invert-
ing input node (-) is electrically connected to the node
OUT60, and negatively fed back.

The transistor M65 functions as a current source of the
differential amplifier circuit 161, and the transistor M67 func-
tions as a current source of the common source amplifier
circuit 162. Gates of the transistor M65 and the transistor
M67 are connected to the output node OUT10 of the circuit
10, and the bias potential VBIAS is input thereto. The tran-
sistor M65 and the transistor M67 are preferably OS transis-
tors. An OS transistor has a thicker gate insulating layer than
a Si transistor; thus, gate leakage current of the OS transistor
can be much smaller than that of the Si transistor. With the use
of'an OS transistor as the transistor M1, the potential of the
node N1 in the circuit 10 can be held for an extremely long
period when the transistor M1 is off. This can reduce power
consumption of the sensor unit 150.

Inthe sensorunit 150, in the case where the capacitor C1 of
the circuit 10 has small capacitance, when the potential of the
node N64 changes, the potential of the node N1 might be
changed by coupling capacitance such as capacitance (gate
capacitance) between the gate and a source of the transistor
M67 despite an extremely low off-state current of the transis-
tor M1. Therefore, the capacitance of the capacitor C1 is
preferably large to some extent as long as parasitic capaci-
tance (e.g., gate capacitance of the transistor M67) of the node
N1 is negligible.

In the sensor unit 150, the bias potential VBIAS of the
AMP 152 can be adjusted as appropriate by the circuit 10;
accordingly, performance or characteristics of the sensor unit
150 can be changed or compensated while the sensor unit 150
is being operated. For this reason, the sensor unit 150 can be
said to be a dynamic reconfigurable analog circuit.
<<Wireless Tag>>

Here, a wireless tag including a sensor unit is described as
an example of a semiconductor device. FIG. 6 is a block
diagram illustrating an example of a wireless tag. Note that
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the wireless tag is referred to as an RFID tag, an RFID, an RF
tag, an ID tag, an IC tag, an IC chip, an electronic tag, a
wireless IC tag, and the like.

FIG. 6 is a block diagram illustrating a configuration
example of a wireless tag. A wireless tag 200 illustrated in
FIG. 6 is a passive wireless tag whose communications zone
is a UHF band. The wireless tag 200 can be an active wireless
tag with a built-in battery. The communications zone can be
determined as appropriate depending on usage of the wireless
tag 200.

As illustrated in FIG. 6, the wireless tag 200 includes an
antenna 250 and a circuit portion 260. The circuit portion 260
has a function of processing a signal received by the antenna
250, a function of generating response data in accordance
with the received signal, a function of outputting the response
data as a carrier wave from the antenna 250, and the like. The
circuit portion 260 is integrated in one IC chip, and is an
electronic component called a wireless chip, an RF chip, or
the like. As illustrated in FIG. 6, the circuit portion 260
includes an input/output portion (IN/OUT) 210, an analog
portion 220, a logic portion 230, and a memory portion 240,
for example.
<<Logic Portion>>

The logic portion 230 controls the circuit portion 260. The
logic portion 230 includes, for example, a control circuit, a
clock generation circuit, a decoder circuit, a CRC circuit, a
random number generating circuit, an output signal genera-
tion circuit, a register, and the like.

The control circuit controls the circuit portion 260. For
example, the control circuit controls access and transmission
to the memory portion 240. The decoder circuit decodes a
signal output from a buffer circuit 224. The CRC circuit is a
circuit that calculates a cyclic redundancy check (CRC) code
from an input signal from the decoder circuit. The output
signal generation circuit is a circuit that generates a signal
MOD_OUT.
<<Memory Portion>>

A semiconductor memory device with a structure similar to
that of the memory device 101 is used for the memory portion
240. Thus, the memory portion 240 can substantially function
as a nonvolatile memory device, and data can be held in the
memory portion 240 even when the wireless tag 200 cannot
receive a signal.
<Input/Output Portion>

The input/output portion 210 includes a rectifier circuit
211, a limiter circuit 212, a demodulation circuit 213, and a
modulation circuit 214.

The rectifier circuit 211 is a circuit that rectifies a signal (a
carrier wave ANT) input from the antenna 250 and generates
a potential VIN. The potential VIN is used as electromotive
force of the circuits (the analog portion 220, the logic portion
230, and the memory portion 240). The limiter circuit 212 is
a protection circuit for preventing the potential VIN from
becoming high. The demodulation circuit 213 is a circuit that
demodulates the carrier wave ANT received by the antenna
250. The carrier wave ANT demodulated by the demodula-
tion circuit 213 is output from the input/output portion 210.

The modulation circuit 214 is a circuit that superimposes
the signal MOD_OUT (digital signal) transmitted from the
logic portion 230 on the carrier wave ANT. For example, in
the case of an amplitude shift keying (ASK) modulation
method, the carrier wave ANT is modulated in the modulation
circuit 214 in accordance with the signal MOD_OUT trans-
mitted from the logic portion 230, and the modulated wave is
transmitted from the antenna 250.
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<Analog Portion>

The analog portion 220 includes a power supply circuit
221, a detector circuit 222, a reset circuit 223, a buffer circuit
224, an oscillator circuit 225, a flag holding circuit 226, and a
sensor unit 227. The analog portion 220 is an analog signal
processing circuit and has a function of generating an opera-
tion potential of the circuits (the analog portion 220, the logic
portion 230, and the memory portion 240), a function of
generating a clock signal, a function of converting a received
signal into a digital signal and transmitting the signal to the
logic portion 230, and the like.

The power supply circuit 221 is a circuit that generates
operation potentials of the circuits (the analog portion 220,
the logic portion 230, and the memory portion 240). The
power supply circuit 221 generates one operation potential or
two or more operation potentials with different values. The
detector circuit 222 has a function of determining whether the
potential VIN is higher or lower than a predetermined value
and generating a digital signal corresponding to the determi-
nation result. This digital signal output from the detector
circuit 222 is used as a trigger signal for operating the logic
portion 230. The reset circuit 223 monitors the voltage gen-
erated by the power supply circuit 221 and generates a reset
signal that resets the logic portion 230.

The buffer circuit 224 is a circuit that transmits serial data
demodulated and extracted by the demodulation circuit 213,
to the logic portion 230. The oscillator circuit 225 is a circuit
that generates a reference clock signal from the potential
signal generated by the power supply circuit 221. The flag
holding circuit 226 is a circuit that holds flag data. The flag is
data that shows the state of the wireless tag 200. The flag state
holding period is set by International Organization for Stan-
dardization.

(Sensor Unit)

The sensor unit 227 has a structure similar to that of the
sensor unit 150 (FIG. 5A), and includes a circuit 11, the
sensor circuit 151, the AMP 152, and the ADC 153. The
circuit 11 is provided as a potential generating circuit, and
generates bias potential VBIAS of the AMP 152. The circuit
11 includes the DAC 102 and the circuit 103, and has a circuit
configuration in which the memory device 101 is excepted
from the circuit configuration illustrated in FIG. 1. The
memory portion 240 stores configuration data (CFGD_Vb)
processed in the DAC 102. By control by the logic portion
230, CFGD_Vb is read out from the memory portion 240 to
output to the DAC 102 of the sensor unit 227.

Data detected by the sensor unit 227 is transmitted to the
logic portion 230. The logic portion 230 generates the signal
MOD_OUT in accordance with a signal output from the
sensor unit 227. The signal MOD_OUT is modulated by the
modulation circuit 214 and transmitted from the antenna 250.
When a reader/writer (not illustrated) receives a signal from
the wireless tag 200, the reader/writer analyzes the signal.
When the value of response speed or power consumption of
the wireless tag 200 is not the optimum value, the reader/
writer transmits a command to refresh CFGD_Vb. When the
wireless tag 200 receives this command, the CFGD_Vb of the
memory portion 240 is rewritten.

By the above-described communication between the wire-
less tag 200 and the reader/writer, CFGD_VD stored in the
wireless tag 200 can be updated to optimum data as appro-
priate. For this reason, the reader/writer stores a table of the
optimum values of CFGD_Vb in accordance with usage envi-
ronment and the like. The reader/writer processes a signal
transmitted from the wireless tag 200, calculates the optimum
value of the CFGD_Vb, and selects desirable data from the
stored table. Thus, calculations for the optimum value of the
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CFGD_Vb and selection of the desirable value from plural
data are not needed in the wireless tag 200. Specifically, there
is no need to increase the processing speed (clock frequency)
in the wireless tag 200 for the optimizing the performance of
the sensor unit 227, which can suppress an increase in power
consumption of the wireless tag 200. Thus, power overhead of
the wireless tag 200 can be prevented even when the sensor
unit 227 is incorporated; whereby a decrease in response
speed of the wireless tag 200 or shortening of communication
distance can be inhibited.

The wireless tag 200 can be used in a wide range of fields.
For example, the wireless tag 200 can be provided in objects
such as bills, coins, securities, bearer bonds, documents (e.g.,
driver’s licenses or resident’s cards, see FIG. 7A), packaging
containers (e.g., wrapping paper or bottles, see FIG. 7C),
recording media (e.g., DVDs, see FIG. 7B), vehicles (e.g.,
bicycles, see FIG. 7D), personal belongings (e.g., bags or
glasses), foods, plants, animals, human bodies, clothing,
household goods, medical supplies such as medicine and
chemicals, and electronic devices (e.g., liquid crystal display
devices, EL display devices, smartphones, cellular phones,
clocks, or watches), or tags on objects (see FIGS. 7E and 7F).

The wireless tag 200 including a temperature sensor circuit
and/or a humidity sensor circuit can be used for controlling
temperature and/or humidity of the cultural properties, for
example.

The wireless tag 200 is fixed to an object by being attached
to a surface of the object or being embedded in the object. For
example, the wireless tag 200 is fixed to an object by being
embedded in paper of a book, or embedded in an organic resin
of a package. Since the wireless tag 200 can be reduced in
size, thickness, and weight, it can be fixed to an object without
spoiling the design of the object. When the wireless tag 200 is
provided in bills, coins, securities, bearer bonds, documents,
or the like, an authentication function can be provided to the
objects. The use of the authentication function can prevent
forgery. Furthermore, when the wireless tag 200 is attached to
packaging containers, recording media, personal belongings,
foods, clothing, household goods, electronic devices, or the
like, a system such as an inspection system or an inventory
management system can be used efficiently. When the wire-
less tag 200 is attached to vehicles, the level of security can be
raised.

The wireless tag 200 which uses an OS transistor in the
memory portion 240 can hold data even in high-temperature
environment; accordingly, an identity management system
for an object that is exposed to high-temperature environment
can be constructed. Examples of such an object include an
object subjected to high-temperature sterilizing treatment
(e.g., surgical instrument, dishes, cooking tools, experimental
instrument, and clothing).

For example, the wireless tag 200 is attached to surgical
instruments (e.g., steel items such as a scalpel, tweezers, and
forceps). Identification information on the kind of the instru-
ment, usage history information, information on cleaning and
sterilization, or the like is written to the wireless tag 200 by a
reader/writer. The wireless tag 200 which uses an OS transis-
tor in the memory portion 240 does not lose its data through
the sterilizing treatment by steam under high pressure for the
surgical instrument. Thus, with the identity management sys-
tem using the wireless tag 200, surgical instruments can be
efficiently and appropriately managed and can be properly
disposed of.

Embodiment 2

In this embodiment, a semiconductor device structure is
described. As described in Embodiment 1, a semiconductor
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device can be formed with a Si transistor and an OS transistor.
The semiconductor device with such a structure can be
reduced in size by stacking a Si transistor and an OS transis-
tor. A structural example of the semiconductor device with
such a stacked structure is described with reference to FIG. 8
and FIG. 9.

FIG. 8 illustrates part of a cross-sectional structure of the
semiconductor device. In FIG. 8, a transistor M1 and a
transistor M1 in a semiconductor device are illustrated. In
FIG. 8, the transistor M¢1 is an OS transistor in which a
channel formation region is formed in an oxide semiconduc-
tor layer, and the transistor M1 is a Si transistor in which a
channel formation region is formed in a single crystal silicon
substrate. The transistor M1 is formed over the transistor
Mg,1. For example, in the circuit 10, the sensor unit 150, and
the wireless tag 200, the transistor M1 and the transistor MR1
may be the transistors M1 and the other transistors may be
the transistors Mg,1.

Note that the cross-sectional structures of the transistors
M1 and M1 in a channel length direction are shown in a
section indicated by broken line A1-A2, and the cross-sec-
tional structures of the transistors M, 41 and Mg,1 ina channel
width direction are shown in a section indicated by broken
line A3-A4. In an actual semiconductor device, the channel
length direction of the transistor Mgl is not necessarily
aligned with the channel length direction of the transistor
Mg,1. The channel length direction denotes a direction in
which carriers move at the shortest distance between a pair of
impurity regions serving as a source region and a drain region.
The channel width direction denotes a direction perpendicu-
lar to the channel length direction.

The transistor M1 may include a channel formation
region in a semiconductor film or a semiconductor substrate
of silicon, germanium, or the like in an amorphous, microc-
rystalline, polycrystalline, or single crystal state. Alterna-
tively, the transistor M1 may include a channel formation
region in an oxide semiconductor film or an oxide semicon-
ductor substrate. In the case where the transistors each
include a channel formation region in an oxide semiconduc-
tor film or an oxide semiconductor substrate, the transistor
M1 is not necessarily stacked over the transistor Mg,1, and
the transistors M5l and M1 may be formed in the same
layer.

In the case where the transistor M1 is formed using a
silicon thin film, any of the following can be used for the thin
film: amorphous silicon formed by sputtering or chemical
vapor deposition (CVD) such as plasma-enhanced CVD;
polycrystalline silicon obtained by crystallization of amor-
phous silicon by treatment such as laser annealing; single
crystal silicon obtained by separation of a surface portion of
a single crystal silicon wafer by implantation of hydrogen
ions or the like into the silicon wafer; and the like.

A substrate 400 where the transistor M1 is formed can be,
for example, a silicon substrate, a germanium substrate, or a
silicon germanium substrate. In FI1G. 8, a single crystal silicon
substrate is used as the substrate 400.

The transistor M1 is electrically isolated by element iso-
lation. Trench isolation (e.g., shallow trench isolation (STT))
or the like can be used as the element isolation. In FIG. 8, the
transistor M1 is electrically isolated by trench 